has also been described as an uncommon cause of lymphadenitis in cats. 3, 5 Reports of R. equi isolation from dogs are sparse. 1, 3, 11 One paper states that R. equi has been recovered from a dog and cites an unpublished source. 5 Another report describes capsular antigens of a number of isolates, including 2 isolates from canine skin and 1 from a canine abscess, but the lesions or clinical signs of these animals are not described. 11 One report states that R. equi was isolated from the feces of 1 farm dog in New Zealand (out of 10 dogs cultured), but it is not stated whether the dog was symptomatic. 1 This report describes a dog with necrotizing pyogranulomatous hepatitis, osteomyelitis, and myositis associated with R. equi.
A 3-month-old female Basenji dog was presented to the referring veterinarian with a history of generalized pain. The dog was from the island of Kona in Hawaii, where the climate is arid. The dog's owners also had horses, but the dog reportedly was never in contact with the horses or with the horse pastures. The dog had been seen several days earlier by another veterinarian and had been treated with amoxicillin, aspirin, and prednisone. On initial examination, the dog was bright and alert but felt pain when touched. Notable dysmetria was evident on the hind end. Radiographs revealed ''mushrooming'' at the physes. The white blood cell count was 36,400 cells/l, including 96% neutrophils. A tentative diagnosis of panosteitis/meningitis was made, and treatment was altered to chloramphenicol, flunixin meglumine, and aspirin. Although the dog initially responded well, it was presented again the next afternoon because it was deteriorating. Low-dose prednisone (0.25 mg/kg every other day) and butorphanol tartrate were added to the treatment. Over the next 4 days, the dog seemed to show signs of slight improvement. On day 6, deep intramuscular masses in the left side of the neck, shoulder, and right foreleg developed. Cytology of an aspirate from the swollen area on the neck revealed numerous red and white blood cells with bacteria. Enterococcus sp. was cultured at a referring laboratory, and cefadroxil was added to the treatment protocol. The dog initially stabilized, but then started to deteriorate again. On day 9, based on culture results, other antibiotic therapy was discontinued and enrofloxacin was initiated. The dog continued to deteriorate, and died 2 days later. On necropsy, the left scapula and right humerus were crumbly, easily broken, and surrounded by a thick yellow-tan fluid. The liver was irregularly mottled tan and brown. Tan, firm, randomly distributed foci up to 0.5 cm in diameter were scattered throughout the parenchyma of the lungs.
Samples of liver, lung, and scapula were fixed in 10% neutral buffered formalin. The bone was demineralized in 14% formic acid. Histologic sections were stained with hematoxylin and eosin (HE), Brown and Hopps Gram stain, periodic acid-Schiff, and Kinyoun's acid-fast stain. Histologically, there was severe multifocal-to-coalescent pyogranulomatous hepatitis, osteomyelitis, myositis, and mild multifocal pyogranulomatous pneumonia. In some sections of the liver, sheets of inflammatory cells replaced nearly all of the hepatic parenchyma ( Fig. 1) . In other sections, the inflammatory cells were arranged in multiple circular aggregates, some randomly distributed and others within portal areas that were markedly expanded by inflammatory cells. The inflammatory cells were a mixture of numerous markedly enlarged epithelioid macrophages and many neutrophils. Occasional multinucleate giant cells were present. A few small aggregates of lymphocytes and plasma cells were mixed among the other inflammatory cells. Numerous intracellular gram-positive coccobacilli were within macrophages (Fig. 2) . Some of the bacteria were short, elongate rods; others formed beaded chains of cocci. The firm, tan foci observed grossly in the lungs consisted of small, discrete pyogranulomas. Sheets of epithelioid macrophages, neutrophils, and necrotic cells replaced scapular bone, leaving only disrupted fragments of the original cortical bone (Fig. 3 ). Numerous trabeculae of woven bone surrounded the original cortical bone. The inflammatory cells and necrotic areas spread widely into adjacent skeletal muscle. As in the liver, the macrophages in the sections of scapula and lung also contained gram-positive coccobacilli. Immunohistochemical staining for canine distemper virus was negative.
Bacterial culture was performed on fluid adjacent to the scapula and a swab of a suprascapular lymph node collected at necropsy. Samples were inoculated on Columbia blood agar with 5% defibrinated sheep blood a (CBA) and chocolate agar enriched with 1% X and V factors a and were incubated at 37 C aerobically with 5% CO 2 and anaerobically in 85% N 2 , 10% H 2 , and 5% CO 2 . Additionally, samples were inoculated on Sabouraud a agar aerobically at 22 C. Very heavy growth of 2 colony types was noted on the CBA and chocolate agar plates under aerobic conditions. One of the iso- In horses, virulence of R. equi has been closely associated with the presence of an 85-90-kb plasmid that encodes the 15-17-kD virulence-associated protein, designated VapA. 15 To determine if the canine R. equi isolate contained this plasmid, DNA was examined from the canine isolate and, as a positive control, from R. equi ATCC strain 33701, a virulent isolate from a foal. DNA was extracted using a commercial kit c using the manufacturer's protocol with the following modifications. Bacteria were grown for 48 hours in brain heart infusion broth d at 30 C. Following pelleting, the bacteria were resuspended and incubated overnight in 5 mg/ml lysozyme in 50 mM Tris and 2.5 mM EDTA in order to facilitate disruption of the cell wall. Plasmid was eluted from the kit plasmid column with 20 ml of elution buffer heated to 65 C. Plasmid was analyzed on a 0.8% agarose gel in TAE buffer. Figure 4 shows the 85-90-kb virulence plasmid from the positive control, R. equi ATCC strain 33701 (lane 1). No plasmid is seen in DNA from the canine isolate (lane 2). While it is possible that the plasmid was lost from this isolate, we consider this unlikely, since the isolate was subcultured only 2 times prior to evaluation for the plasmid.
Immunoblotting was performed to directly identify the VapA protein. 6, 14 Lysates of the R. equi canine isolate and of R. equi strain 33701 were subjected to electrophoresis in a 4-20% polyacrylamide gel and transferred to nitrocellulose. The nitrocellulose was incubated with serum from a horse infected with R. equi, and reactivity was detected by goat anti-equine immunoglobulin antibody conjugated to horseradish peroxidase e followed by incubation with ECL chemiluminescent substrate. f VapA was detected from R. equi strain 33701, but not from the canine isolate ( Fig. 5) .
Virtually all R. equi isolates from diseased horses contain the 85-90-kb plasmid that encodes VapA. 4, 15 In human infections, R. equi isolates from AIDS patients tend to either have an 85-kb plasmid and express VapA or express a related 20-kD virulence-associated protein encoded by 1 of 4 plasmids ranging from 23 to 100 kb. 13 In immunocompromised non-AIDS patients, however, no virulence-associated plasmid is found in most isolates, 13 and other virulence factors may be involved. In this case, although the dog came from a farm that raised horses, no virulence-associated plasmid was detected, and immunoblotting for VapA was negative. Moreover, it is reported that R. equi antibodies from infected foal serum cross-react with the 20-kD human virulence-associated protein, 13 and no proteins of this size were seen in the immunoblot.
Rhodococcus equi-induced disease is rare in dogs. It is possible that the 3-month-old Basenji dog reported here was unusually sensitive to infection. In humans, R. equi infection is typically associated with human immunodeficiency virus (HIV-1) infection or other immunocompromise, although numerous instances of R. equi infection in immunocompetent patients have been described. 9 The Th1 subset of CD4 T lymphocytes is sufficient for clearance of R. equi in mice, 7 and it is possible that this dog may have had a defect in Th1 cell function. It also is possible that this dog had an intrinsic defect in macrophage function, allowing the bacteria to survive. Alternatively, this isolate may have unrecognized properties that make it unusually virulent in dogs. Although this isolate did not contain the virulence-associated plasmid or VapA, other virulence factors have been identified in some isolates of R. equi, including cholesterol oxidase, mycolic acid-containing glycolipids, choline phosphohydrolase exoenzymes, and capsular polysaccharide. 2, 8, 10 In summary, this report describes a case of unusually florid pyogranulomatous inflammation of multiple organs, associated with R. equi, in a young dog. The isolate lacked the virulence-associated plasmid that is usually present in the virulent equine R. equi isolates. Predisposing factors were not identified for this dog, but speculatively, they could include either immunodeficiency of the dog or increased virulence of the bacteria.
